INTRODUCTION
Our understanding of the structure of the ground state and the excited states of atomic nuclei is still not fully satisfactory. At the same time, there is need of theoretical progress along this line if the existing or planned radioactive beam facilities will provide us with new experimental data. These data will concern nuclei far from the stability valley; consequently, a unified description of usual nuclear matter as well as of neutron-rich (or proton-rich) matter will be called for.
For light systems, the so-called ab initio methods, which start from the bare nucleon-nucleon (NN) interaction, can be applied. Highly sophisticated trial wavefunctions allow using the variational method and extracting a fairly good description of these systems. Alternatively, the Green's Function Monte Carlo (GFMC) approach can be used. But all these methods cannot be applied to finite nuclei having mass number A greater than 10-15. Unfortunately, only this kind of nuclei allows determination (although, with many caveats) of the basic features of the equation of state (EOS) of nuclear matter, as we discuss below.
The present review paper is devoted to the extraction of the nuclear incompressibility coefficient from the measurement of the compressional modes in finite nuclei. Compressional modes include the Isoscalar Giant Monopole Resonance (ISGMR) and Isoscalar Giant Dipole Resonance (ISGDR), which lie between 10 and 30 MeV in nuclei ranging from 90 Zr to 208 Pb. In these nuclei, the ISGMR corresponds to a well-defined single peak. The ISGDR is associated with several structures, and the ambiguities which derive from this will be discussed in the following. In lighter nuclei, even the ISGMR is too fragmented to allow discussion of a single compressional mode.
If we are, accordingly, bound to discuss relatively high-energy excitations of heavy systems, not only the fully ab initio methods that we have mentioned but also other microscopic models like the shell model are completely ruled out. The best microscopic models that we can use are the mean field models based on effective interactions, either in the non-relativistic or relativistic framework. These models are the theoretical basis for the analysis done in the following sections. They can be viewed as approximate realizations of a Density Functional Theory (DFT) for atomic nuclei.
In the past, previous authors have attempted either a direct extraction of the nuclear incompressibility from experimental data (without resorting to theory), or an extraction based on other observables than the compressional modes. The limitations of these approaches are discussed below. In fact, these issues have already been discussed for ten years or more. These points have already been dealt with in the celebrated review paper by Blaizot [1] . Further developments will be mentioned here when discussing the relevant bibliographic references. Why is a new review on the subject quite timely? We answer this question in the Introduction before giving a brief outline of the rest of the paper.
In recent years, relativistic mean field (RMF) calculations have reached a reliability or accuracy comparable to that of the non-relativistic models. In the 1980s, no relativistic model could satisfactorily describe the compressional modes and the nuclear incompressibil- Abstract -Accurate assessment of the value of the incompressibility coefficient, K ∞ , of symmetric nuclear matter, which is directly related to the curvature of the equation of state (EOS), is needed to extend our knowledge of the EOS in the vicinity of the saturation point. We review the current status of K ∞ as determined from experimental data on isoscalar giant monopole and dipole resonances (compression modes) in nuclei by employing the microscopic theory based on the Random Phase Approximation (RPA). The importance of full self-consistent calculations is emphasized. In recent years, a comparision between RPA calculations based on either non-relativistic effective interactions or relativistic Lagrangians has been pursued in great detail. It has been pointed out that these two types of models embed different ansatz for the density dependence of the symmetry energy. This fact has consequences on the extraction of the nuclear incompressibility, as it is discussed. The comparison with other ways of extracting K ∞ from experimental data is highlighted. This has motivated several debates. It would be not physically sound to admit that some specific effect related to special relativity comes in, since one is concerned with rather low energies (or momenta) and low densities (very close to the saturation density). In fact, for many observables ranging from nuclear masses to other types of giant resonances, and to rotational bands up to their endpoint, the non-relativistic and relativistic pictures look very consistent with each other.
Recently, the following conclusions have been reached: (i) some previous non-relativistic RPA calculations were not accurate enough to allow a precise determination of the nuclear incompressibility; and (ii) the discrepancy between non-relativistic and relativistic determinations of the nuclear incompressibility is associated with the detailed structure of the two classes of nuclear energy functionals. This amounts to saying that there is much richer physics than has been discussed in earlier papers on the subject, and these new aspects have emerged in recent years. This is the main motivation for the present review paper.
At the same time, experimental measurements have also undergone significant progresses. The determination of the main features of the ISGMR has become much more accurate than in the past. The uncertainties about the energy location of the ISGDR have been attacked. New chains of isotopes have been measured, and some others have been measured with improved accuracy. This is an important part of the new impetus which characterizes the field. Although this is a theoretical review, we shall mention the relevant experimental papers and discuss their impact as much as possible.
In summary, the aim of this review is to assess what conclusions about nuclear incompressibility can be reached by confronting the most recent mean field calculations, both in the non-relativistic and relativistic versions. It will be concluded that the extraction of the incompressibility brings in other physical parameters embedded in the energy functionals, like, for instance, the associated values of the symmetry energy. Some of the results reviewed here have already been summarized in [2] [3] [4] . The present topic has been also touched upon (briefly) in [5] .
The outline of the following sections is as follows. First, we define briefly in Section 2 the object of our study, namely the nuclear incompressibility K ∞ and its basic relation with the energy of symmetric nuclear matter. Then, we describe the models which give a physically sound representation of the total energy either in symmetric nuclear matter (which cannot be measured) or in finite nuclei (whose properties can be measured). These are the self-consistent mean-field models: we review their basic features in Section 3 and we touch briefly upon how they are used in actual calculations in Section 4. Having defined our tools, we turn to the main issue, namely, how to relate K ∞ with some sensitive measurable quantity, in Section 5. We will conclude that, although other lines of research can be extremely useful, the connection of K ∞ with the isoscalar giant monopole resonance (ISGMR) and, to some extent, the isoscalar giant dipole resonance (ISGDR), is by far the best option. Then, we will review the experimental situation concerning these modes in Section 6. The extraction of K ∞ from experiment, based on the ISGMR data in 208 Pb and on different RPA calculations, is analyzed in Section 7, and the case of other nuclei in Section 8. The complementary case of the ISGDR data is then discussed in Section 9. Finally, we draw conclusions and propose some outlook in Section 10.
DEFINITION OF THE NUCLEAR COMPRESSIBILITY
We usually define the compressibility as
and this quantity has the dimensions of 1/pressure. Often, the inverse quantity χ -1 is considered. Values of χ -1 are 2.2 × 10 9 for water and 1.6 × 10 11 for steel if expressed by using Pascals, that is, N/m 2 (the standard international units). We consider a system at zero temperature in which the pressure is related to the total energy E by (2) so that (3) If we introduce the density ρ as single variable and we consider the number of particles A as fixed ( ρ = A / V ), since we obtain
